Abstract: We hypothesized whether the reduction in eosinophilic airway inflammation in patients with chronic obstructive pulmonary disease (COPD) following treatment with benralizumab, a humanized, afucosylated, monoclonal antibody that binds to interleukin-5 receptor α, increases the airway bacterial load. Analysis of sputum samples of COPD patients participating in a Phase II trial of benralizumab indicated that sputum 16S rDNA load and Streptococcus pneumoniae were reduced following treatment with benralizumab. However, in vitro, eosinophils did not affect the killing of the common airway pathogens S. pneumoniae or Haemophilus influenzae. Thus, benralizumab may have an indirect effect upon airway bacterial load.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by irreversible airflow obstruction and airway inflammation. Although typically neutrophilic, COPD is eosinophil-predominant in 10%-40% of cases. [1] [2] [3] Increased airway or blood eosinophil counts are associated with a good response to corticosteroids in stable COPD 3 and during exacerbations. 4 Interleukin-5 (IL-5) binds with high affinity to the IL-5 receptor (R) alpha (IL-5Rα) subunit and plays a pivotal role in the differentiation and maturation of eosinophils in the bone marrow and their survival in tissue. 1 In a 1-year randomized placebo-controlled trial of benralizumab, 5 a humanized, afucosylated, monoclonal antibody that inhibits IL-5Rα activation and promotes antibody-dependent cellmediated cytotoxicity (leading to near complete eosinophil depletion), improvements in lung function and symptoms and reduction in exacerbations were observed in patients with eosinophilic inflammation. However, in non-eosinophilic COPD patients, exacerbation frequency increased following benralizumab treatment vs placebo. Likewise, in a 6-month trial, the IL-5 neutralizing monoclonal antibody mepolizumab 6 reduced exacerbations vs placebo in COPD patients with an increased blood eosinophil count but resulted in a greater exacerbation frequency in those with a low blood eosinophil count. This finding contrasts with that for asthma for which absence of eosinophilic inflammation is associated with neither benefit nor harm to anti-IL-5(R). 1 Interestingly, the airway microbiome is distinct between COPD patients with vs those without eosinophilic inflammation. 7 Corticosteroid therapy alters the airway microbiome 7 and consequently might hinder recovery during exacerbations in patients without eosinophilic inflammation. 4 Whether this exacerbation relationship to low eosinophil count is genuine and these effects are partly because of attenuation of eosinophilic inflammation remain unknown. We, therefore, hypothesized that reduction in eosinophilic airway inflammation following benralizumab treatment increases airway bacterial load.
Methods
Sputum samples were collected from COPD patients participating in the Phase II trial 5 of benralizumab at 28 days before baseline, at baseline, and 57 and 255 days after receiving benralizumab or placebo. Written informed consent was provided by all patients. The study was conducted in accordance with the Declaration of Helsinki and was approved by the national and local ethics committees (Table S1 ). Supernatants were stored at −80°C. For those patients who provided adequate sputum supernatant (>100 μL) and ≥1 sample before and after therapy, DNA was extracted using QIAamp DNA mini kit (QIAGEN, Hilden, Germany) as per the manufacturer's protocol. (Table S2 ). Ex-vivo peripheral blood eosinophils and neutrophils of >95% purity from healthy individuals were isolated as previously described. 8 In vitro, Escherichia coli (strain PA360), H. influenzae (NCTC11872), and S. pneumoniae (D39), grown to late-log phase, were incubated alone or with blood eosinophils or neutrophils in triplicate for 1 h at 37°C in the presence of 0.1% (E. coli, H. influenzae) or 10% (S. pneumoniae) non-heat inactivated human serum. We chose serum concentrations that were sublethal for nontypeable H. influenzae and E. coli based on titration experiments. Colony forming units were enumerated for each condition to determine the bacterial killing effect of each granulocyte. Statistical analysis was performed using R 3.4.1 (The R Foundation for Statistical Computing) and PRISM (GraphPad; La Jolla, CA). Change in bacterial load over time within the treatment or placebo group was performed by fitting a generalized linear mixed model for each of 16S rDNA, H. influenzae, and S. pneumoniae. The dependent variables were time, treatment group, and an interaction term, time*treatment group. A random intercept and a random effect for time were included. Correlations were undertaken between change in bacterial load, forced expiratory volume in 1 s, and symptoms and health status. Comparisons were made between conditions for bacterial killing experiments by 2-way analysis of variance.
Results
Sputum supernatant samples were assessed from 14 benralizumab-treated and 15 placebo-treated patients. Clinical characteristics were similar between the groups (Table S3 ). The 16S rDNA load decreased following benralizumab treatment but remained unchanged with placebo ( Figure 1A and B). The quantity of S. pneumoniae in the benralizumab and placebo groups decreased significantly, with the reduction numerically and statistically greater in the benralizumab group ( Figure 1C and D). The reduction in 16S rDNA load was associated with a reduction in the quantity of S. pneumoniae in the benralizumab group but not in the placebo group ( Figure 1C and D). However, there were no significant changes in the quantity of H. influenzae ( Figure 1E and F) or M. catarrhalis (data not shown) in the 2 treatment groups. The reduction in total bacterial load, or quantity of S. pneumoniae in the sputum supernatants in benralizumab-treated patients, was not associated with either baseline blood eosinophil count or change in lung function, symptoms or health status following treatment with benralizumab. In contrast with ex-vivo neutrophils, ex-vivo blood eosinophils did not kill H. influenzae or S. pneumoniae in vitro (Figure 2A-D) .
Discussion
Contrary to our hypothesis, we found that 16S rDNA load and the quantity of the common pathogen S. pneumoniae decreased following benralizumab treatment. However, this was not associated with clinical outcomes. There was also a small decrease in the quantity of S. pneumoniae in the placebo group. In vitro, blood eosinophils did not affect bacterial killing of S. pneumoniae and H. influenzae, while small effects were observed on E. coli, similar to previously published reports. 9, 10 Therefore, the effects observed in vivo are more likely an indirect effect of benralizumab attenuating eosinophilic inflammation. reduction in eosinophilic inflammation is likely to result in a greater percentage of neutrophils that might consequently enhance bacterial clearance. Intriguingly, although these possible mechanisms might explain the reduction in bacterial load following benralizumab treatment, they do not provide a rationale for the apparent increased exacerbation risk in non-eosinophilic COPD patients, as observed in the Phase IIa study, following anti-IL-5Rα treatment. Further investigation is needed to assess whether the clinical findings are real and what the underlying cause may be.
The retrospective study design limited the number of available samples, restricted analysis to sputum supernatants rather than whole sputum plugs, and limited us to targeted quantitative polymerase chain reactions rather than broader sequencing approaches. Future prospective studies, including whole sputum and microbiome sequencing, are required to further determine the effects of anti-IL-5/anti-IL-5Rα therapies on airway ecology.
Conclusions
Sputum 16S rDNA and S. pneumoniae bacterial load are reduced in COPD patients following benralizumab treatment. However, how biologics affect the airway microbiome in obstructive lung diseases warrants further investigation.
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